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Description 

BACKGROUND OF THE INVENTION 

1. FIELD OF THE INVENTION 

The present invention relates to a bisamidrazone compound and a vulcanizing agent for fluorine-containing elas- 
tomer containing the same, and more particularly to a bisamidrazone compound as a novel compound and a vulcanizing 
agent for fluorine-containing elastomer having cyano groups as cross-linkable groups, which comprises the same. 

2. RELATED PRIOR ART 



JP-A-59-1 09546 discloses a fluorine-containing elastomer composition which comprises a terpolymer of tetraf luor- 
oethylene. perfluoro(methyl vinyl ether) and cyano group-containing (perfluorovinyl ether) represented by the following 
15 general formula: 

CF2=CF[OCF2CF(CF3)]nO(CF2)mCN 

wherein n: 1 ~2 and m: 1 ~4 

20 and a bis(aminophenyl) compound represented by the following general formula as a cross-linking agent: 



NH, 



wherein A is an alkylidene group having 1 to 6 carbon atoms, a perfluoroalkylidene group having 1 to 10 carbon atoms, 
30 a S0 2 group, an O atom, a CO group or a carbon-carbon bond capable of directly bonding two benzene rings, and X 
and Y are hydroxy! groups or amino groups. 

However, vulcanized products obtained by vulcanization of such a fluorine-containing elastomer composition are 
not satisfactory at all in the compression set. 

35 SUMMARY OF THE INVENTION 

An object of the present invention is to provide a novel bisamidrazone compound capable of producing vulcanization 
product having a satisfactory compression set, when used as a vulcanizing agent for fluorine-containing elastomer having 
cyano groups as cross-linkable groups. 
40 Another object of the present invention is to provide a process for producing such a novel bisamidrazone compound. 

Other object of the present invention is to provide a curable, fluorine-containing elastomer composition, which com- 
prises a fluorine-containing elastomer having cyano groups as cross-linkable groups and a bisamidrazone compound. 



DETAILED DESCRIPTION OF THE INVENTION 

According to the present invention, there is provided a novel bisamidrazone compound represented by the following 
general formula [I]: 



H.NH 



wherein R is an alkylidene group having 1 to 6 carbon atoms, preferably an isopropylidene group, or a perfluoroalkylidene 
group having 1 to 10 carbon atoms, preferably a perftuoroisopropylidene group, among which particularly preferable is 
a perf luoroisopropylidene group, where the resulting bisamidrazone compound is 2,2-bis(4-carboxyphenyl)hexafluoro- 
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propane bisamidrazone. A process for producing this compound through a series of the following steps will be described 
below: 

(1) Two moles of toluene is made to react with one mole of perfluoroacetone (CF 3 ) 2 CO to obtain the following 
compound: 



■.c-0-K><»- 



I 

CF, 



is Then, the thus obtained compound is oxidized to obtain the following 2,2-bis(4-carboxyphenyl)hexafluoro- 

propane: 

CF 

H00C^3^-C^3^C00H 
CF, 

25 

Then, the thus obtained compound is made to react with thionyl chloride SO2CI in the presence of a pyridine 
catalyst to convert the carboxyl groups to an acid chloride groups, and further made to react with aqua ammonia to 
obtain the following 2,2-bis(4-carboxyphenyl)hexafluoropropane diamide: 

30 

CF, 

H, NOC <pC^3"~ mm% 

35 CF, 



(2) The thus obtained 2,2-bis(4-carboxyphenyl)hexaf luoropropane diamide is made to react with thionyl chloride in 
a solvent such as dehydrated dimethytformamide or the like to conduct a dehydration reaction, whereby 2,2-bis(4- 
cyanophenyl)hexaf luoropropane having the following formula [111 is obtained: 



CF, 

NC^Q^i-^-CN En'] 

CF, 



50 



(3) The thus obtained 2,2-bis(4-cyanophenyl)hexaf luoropropane is made to react with an alcohol such as methanol, 
55 ethanol, propanol or the like under an acidic condition to convert it to bisiminoalkylether. Preferable acidic substance 
is hydrogen chloride, where bisiminoalkylether dihydrochloride is once formed. The foregoing reaction can be also 
carried out in the presence of a basic catalyst such as a tertiary amine, an alkali metal alkoxide or the like. Though 
the reaction can proceed without a reaction solvent, it is preferable to use such a solvent as diethyl ether, etc. In 
any case, it is preferabl to conduct the reaction under substantially water-free conditions. When the bisimi- 
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noalkylether is once obtained in the form of hydrochloride salt etc., the hydrochloride salt is made to react with 
sodium hydrogen carbonate in the presence of diethyl ether and water, whereby free bisiminoalkylether of 2,2-bis(4- 
carboxyphenyl)hexafluoropropane having the following formula [IMlcan be obtained: 

CF 
CF, 



(4) The thus obtained 2,2-bis(4-carboxyphenyl)hexafluoropropane bisiminoalkylether is made to react with hydra- 
zine, whereby the desired bisamtdrazone of bis(4-carboxyphenyt)-hexafluoropropane having the following formula 
[rj can be obtained: 

CF, 

H, NHN^C=3"~ NHNB, [ 1 ] 

CF, 



The reaction is carried out in a solvent such as methanol, ethanol, propanol, monoglyme, diglyme. triglyme. 
tetrahydrofuran, dioxane or the like, at a temperature of about 50 to about 150°C in generally. 

Bisamidrazone compound produced through a series of the foregoing steps can be used as a vulcanizing agent for 
fluorine-containing elastomer having cyano groups as cross-linkable groups. Such a fluorine-containing elastomer is a 
generally terpolymer comprising about 45 to about 75% by mole of tetrafluoroethylene, about 50 to about 25% by mole 
of perfluoro(lower alkyl vinyl ether) or perf luoro(lower aJkoxy-lower alkyl vinyl ether) and about 0.1 to about 5% by mole 
of perfluoro unsaturated nitrile compound, the sum total of the monomers being 100% by mole. 

As the perfluoro(lower alkyl vinyl ether), perfluoro(methyl vinyl ether) is usually used. As the perfluoro(lower alkoxy- 
lower alkyl vinyl ether), the following compounds are used: 
CF2=CFOCF2CF(CF 3 )OC n F 2n+1 (n: 1-5) 
CF^CFOfCF^OCnF^ (n: 1 -5) 

CF 2 =CFOCF 2 CF(CF3)0(CF z O) m C n F 2n+1 (n: 1 -5 and m: 1 -3) 

CFz-CFOCCFJaOCnF^! (n: 1-5) 
Among them, compounds whose C n F 2n +i group is a CF3 group are preferably used. 

As the perfluoro unsaturated nitrile compound as a cross-linkable side monomer, the following compounds can be 
used: 

CF2=CFO(CF2)nOCF(CFa)CN (n: 2-5) 
CF2=CF[OCF 2 CF(CF 3 )]nO(CF2)mCN (n: 1 -2, m: 1 -6) 
CF2=CFO(CF2)nCN (n: 1-8) 

CF2=CF[OCF 2 CF(CF3)]nOCF 2 CF(CF3)CN (n: 1-2) 

CF,-CF0(CFjn-^^-CN (n: 1-6) 



The terpolymer comprising the foregoing components as essential ones can be further copolymerized with various 
f luoroolef ins or vinyl compounds in such a degree as not to inhibit the copolymer! zation reaction and deteriorate physical 
properties of vulcanized products, for example, not more than about 20% by mole on the basis of the terpolymer. Fluoro- 
olefins for use in the present invention include, for example, vinylidene fluoride, monofluoroethylene, triftuoroethylene, 
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trifluoropropylene, pentafluoropropylene, hexafluoropropylene, hexafluoroisobutylene. chlorotrifluoroethylene. dichlo- 
rodifluoroethytene, etc. Vinyl compounds for use in the present invention include, for example, ethylene, propylene, 1- 
butene. isobutylene, methyl vinyl ether, ethyl vinyl ether, butyl vinyl ether, cyclohexyl vinyl ether, vinyl acetate, vinyl 
propionate, vinyl chloride, vinyiidene chloride, trifluorostyrene. etc. 

About 0.1 to about 5 parts by weight, preferably about 0.5 to about 2 parts by weight, of bisamidrazone compound 
as a cross-linking agent represented by the foregoing general formula is added to 1 00 parts by weight of the terpolymer 

The fluorine-containing elastomer composition comprising the above-mentioned components as essential ones can 
further contain an inorganic filler such as carbon black, silica, etc., an acid acceptor such as oxide, hydroxide or stearate 
of a divalent metal, litharge, etc., and other additives, as desired. The composition can be prepared by kneading in roils, 
kneader. Bambury mixer, etc. Cross-linking of the composition is carried out by heating at about 100 to about 250°C for 
about 1 to about 120 minutes. Secondary vulcanization, when desired, is preferably carried out at about 150 to about 
280°C for not more than about 30 hours in an inert atmosphere such as a nitrogen atmosphere. 

According to the present invention, there is provided a novel bisamidrazone compound, which is applicable as a 
vulcanizing agent for fluorine-containing elastomer having cyano groups as cross-linkable groups. Vulcanization products 
having a satisfactory compression set can be obtained thereby. 

PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be explained in detail below, referring to Examples. 

EXAMPLE 1 

(1) Synthesis of 2,2-bis(4-carboxyphenyl)hexafluoropropane diamide: 

105g of 2,2-bis(4-carboxyphenyl)hexafluoropropane (purity: 92%) was charged into a 4-neck flask provided with a 
stirrer, a reflex tube, a dropping funnel and a thermometer, and then a mixture of 1ml of pyridine and 160ml of thionyl 
chloride was added thereto through the dropping funnel. Reaction was carried out at 60°C for 2 hours and further at 
80°C for 3 hours with continuous stirring, and then the flask was cooled down to room temperature. The reaction mixture 
was filtered and unreacted thionyl chloride was distilled off from the filtrate under reduced pressure, whereby 2,2-bis(4- 
chlorocarbonylphenyl) hexafluoropropane was obtained as a solid. 

The thus obtained 2,2-bis(4-chlorocarbonyiphenyl) hexafluoropropane was added to a reactor charged with a mix- 
ture of 200ml of aqua ammonia and 100ml of acetonitrile, while keeping the temperature below 50°C ( and stirred for 
further 3 hours. Then, the reaction mixture was poured into 600ml of water and the resulting precipitates were recovered 
by filtration, washed with water and dried successively in desiccators previded with calcium chloride and phosphorus 
pentaoxide, respectively, as desiccants under reduced pressure, whereby 89g of 2,2-bis(4-carboxyphenyl)hexafluoro- 
propane diamide was obtained (yield: 85%). 

(2) Synthesis of 2,2-bis(4-cyanophenyl)hexafiuoropropane: 

50ml of thionyl chloride was dropwise added to 420ml of dimethyl formamide obtained by distillation over calcium 
hydride, while keeping the temperature at 10°C with stirring, and then heated to 35°C under a nitrogen gas stream. 
Then, 67. Og of the above-mentioned 2,2-bis(4-carboxypheny1)hexafluoropropane diamide was slowly added thereto 
while keeping the reaction mixture below 50°C, and stirred for further 4 hours at 40°C. Then, the reaction mixture was 
poured into 1 liter of water and the resulting precipitates were recovered by filtration, washed with water, dried in a 
desiccator provided with phosphorus pentaoxide under reduced pressure and washed with n-hexane, whereby 59.0g 
of 2,2-bis(4-cyanophenyl)hexafluoropropane having a melting point of 128 to 130°C was obtained (yield: 85%). 
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Infrared absorption spectrum (KBr): 2255cm" 1 (CN) 



Elemental analysis: 


Calculated; 
Found ; 


C 57.63%, 
C 57.51%, 


H 2.27%, 
H 2.32%, 


N 7.90%, 
N 7.83%, 


F 32.17% 
F 32.01% 



1H-NMR (CD3COCD3): 8.1(m), 7.65(m) 

19F-NMR (CD3COCD3; CF3COOH base): -14.7ppm(s,6F) 

15 Mass spectrum (m/z): 354(M*. relative intensity 85%) 
335(lvr-F, relative intensity 5%) 
285(lvr-CF3. relative intensity 100%) 

(3) Synthesis of bisiminoethyl ether of 2,2-bis(4-carboxyphenyl)hexafluoropropane: 

20 

A dry hydrogen chloride gas was passed through a solution mixture of 90ml of anhydrous ethanol, 350ml of anhy- 
drous diethyl ether and 83g of 2,2-bis(4-cyanophenyl)hexafluoropropane below 15°C up to saturation. 12 hours there- 
after, the resulting crystals were recovered by filtration, washed with ether and dried, whereby 91 g of bisiminoethyl ether 
dihydrochloride salt of 2,2-bis(4-carboxyphenyl)hexafluoropropane having a melting point of 130 to 140°C was 
25 obtained (yield:74%). 





Elemental analysis: 


30 


Calculated; 


C 48.56%, 


H 4.27%, 


N 5.39%, 


F 21.95%, 


CI 13.65% 




Found ; 


C 48.38%, 


H 4.07%, 


N5.19%. 


F 21.99%, 


CI 13.53% 



19F-NMR (CD3COCD3; CF3COOH base): -14.65ppm(s,6F) 
35 1 1 1g of bisiminoethyl ether ■ dihydrochloride salt of 2,2-bis(4-carboxyphenyl)hexafluoropropane was added little 
by little to a solution of 1 liter of distilled water, 75g of sodium hydrogen carbonate and 550ml of diethyl ether. At 30 
minutes after the end of addition, a diethyl ether layer was recovered by decantation, dried over magnesium sulfate and 
filtered. Diethyl ether was distilled off from the filtrate, whereby bisiminoethylether of 2,2-bis(4-carboxyphenyl) hexaf luor- 
opropane having a melting point of 88 to 90°C was obtained. 

40 





Elemental analysis: 




Calculated; 


C 48.80%, 


H 3.85%, 


N 20.09%, 


F 27.25% 


45 


Found ; 


C 48.47%, 


H 3.93%, 


N 19.16%, 


F 27.40% 



so (4) Synthesis of bisamidrazone of 2,2-bis(4-carboxyphenyl)hexafluoropropane: 

The thus obtained bisiminoethylether of 2,2-bis(4-carboxyphenyl)hexaf luoropropane was dissolved in a solution of 
400ml of anhydrous ethanol and 370ml of hydrazine * monohydrate and boiled in a nitrogen gas stream for 15 min- 
utes. After cooling, the reaction mixture was poured into 1 liter of water, and the resulting precipitates were recovered 
55 by filtration, washed with water, and dried in a desiccator provided with phosphorus pentaoxide under reduced pressure, 
whereby 90g of bisimidrazone of 2,2-bis(4-carboxyphenyl)hexafluoropropane having a melting point above 300°C was 
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obtained (yield: 95%). 



Elemental analysis: 


Calculated; 
Found ; 


C 56.05%, 
C 56.56%, 


H 4.51%, 
H 4.39%, 


N 6.27%, 
N 6.36%, 


F 25.53% 
F 25.50% 



10 1 H-NMR (CD3COCD3): 8.1(m), 7.45(m), 6.25 (br.s) 

19F-NMR (CD3COCD3; CF3COOH base): -14.7ppm(s,6F) 
Mass spectrum (m/z): 418(M*) 

EXAMPLE 2 

15 

After replacement of the inside gas in an autoclave having a net capacity of 1 liter with argon, 440g of distilled water, 
1.1g of ammonium persulfate, 4.6g of potassium di hydrogen phosphate, 4.4g of a mixture of ammonium per- 
fluorooctanoate - ammonium perfluorodecanoate in a ratio of 60 : 40 by weight and 0.3g of sodium sulfite were charged 
into the autoclave. Then, a monomer mixture of 17.8g of perfluoro(2-methyl-3.7-dioxa-8-nonenonitrile) [FCV-82], 136.7g 

20 of perfluoro(methyl vinyl ether) [FMVE] and 63.5g of tetrafluoroethylene [TFE] in a molar ratio of 3 : 54 : 43 was charged 
into the autoclave until the inside pressure of the autoclave reached 6 to 7 kgf/cm2G. Then, the autoclave was heated 
to 60°C and the above-mentioned monomer mixture was further charged into the autoclave until the inside pressure of 
the autoclave reached i 1 kgf/cm2G. 

While keeping the polymerization temperature at 60°C, the monomer mixture was further charged intermittently into 

25 the autoclave so as to maintain the polymerization pressure at 10 to 11 kgf/crr^G. Then, the reaction was continued at 
that polymerization temperature for further 23 hours and the inside pressure was decreased to 3.6 kgf/cm2G from 1 1 
kgf/cm2G. At this point, unreacted monomer mixture was discharged from the autoclave, and the reaction mixture was 
freezed and solidified to precipitate the copolymer. The precipitated copolymer was washed with hot water and then with 
ethanol and dried at 60°C under reduced pressure, whereby 1 69.8g of white terpolymer (intrinsic viscosity r|sp/c = 0.80) 

30 having the following polymer composition by 1 3 F-NMR was obtained: 





FCV-82 


2.8mol.% 


35 


FMVE 


39.6 M 




TFE 


57.3" 



40 1 00 parts by weight of the thus obtained terpolymer was admixed with 1 5 parts by weight of MT carbon black and 
2.5 parts by weight of 2,2-bis(4-carboxyphenyl)hexafluoropropane bisamidrazone obtained in Example 1 , and kneaded 
in a roll mill. The resulting kneaded mixture was subjected to primary (press) vulcanization at 180°C for 30 minutes and 
then to secondary (oven) vulcanization at 250°C for 24 hours. The thus obtained vulcanized product had the following 
normal state physical properties (measured according to J IS K-6301) and compression set (P-24 O ring, measured 

45 according to ASTM Method B): 

Normal state physical properties: 



100% modulus 


37 kg/cm* 


Tensile strength 


105kg/cm2 


Elongation 


200% 
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Compression set 



250°C for 70 hours: 


30% 


275°C for 70 hours: 


37% 



COMPARATIVE EXAMPLE 

In Example 2, FCV-82 was replaced with the same amount of the following compound: 

CF2=CP3CF^F(CF3)0(CF^CN 



[FCV-80] 



196.3g of white terpolymer (intrinsic viscosity nsp/c = 0.44) having the following polymer composition determined 
by 13 F-NMR was obtained thereby: 



FCV-80 


3.1mol.% 


FMVE 


39.6" 


TFE 


57.3" 



100 parts by weight of the thus obtained terpolymer was admixed with 1 5 parts by weight of MT carbon black and 
30 1 part by weight of bts(aminophenol)AF and kneaded in a roll mill. The resulting kneaded mixture was subjected to 
primary (press) vulcanization at 1 80°C for 30 minutes and then to secondary (oven) vulcanization at 250°C for 24 hours. 
The thus obtained vulcanized product had the following normal state physical properties and compression set, deter- 
mined in the same manner as in Example 2: 

35 Normal state physical properties: 



100% modulus 


34 kg/cm* 


Tensile strength 


114kg/cm2 


Elongation 


230% 



Compression set 



275°C for 70 hours: 60% 



55 
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Claims 

1 . A bisamidrazone compound represented by the following general formula [I]: 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

2. A process for producing a bisamidrazone compound represented by the following general formula [Q: 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms, which comprises reacting a bis(4-cyanopheny1) compound represented by the following general formula [II]: 



wherein R has the same meaning as defined above, successively with alcohol and with hydrazine. 
3. A bis(4-cyanophenyl) compound, represented by the following general formula [II]: 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

4. A vulcanizing agent for a fluorine-containing elastomer containing cyano groups as cross-linkable groups, which 
comprises a bisamidrazone compound represented by the following general formula [I]: 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

5. A vulcanizing agent according to Claim 4, wherein the fluorine-containing elastomer having cyano groups is a ter- 
polymer of tetraf luoroethylene, pen* luoro(lower aJkyl vinyl ether) or perfluoro(lower aikoxy-lower alkyl vinyl ether) and 
pert luoro unsaturated nitrile compound. 
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A curable, fluorine-containing elastomer composition which comprises a fluorine-containing elastomer having cyano 
groups as cross-linkable groups and a bisamidrazone compound represented by the following general formula [Q: 



wherein R is an alkylidene group having 1 to 6 carbon atoms or a perfluoroalkylidene group having 1 to 10 carbon 
atoms. 

A curable, fluorine-containing elastomer composition according to Claims 6, wherein the fluorine-containing elas- 
tomer having cyano groups is a terpolymer of tetraf luoroethylene, pert luoro(lower alkyl vinyl ether) or pert luoro (lower 
alkoxy-lower alkyl vinyl ether) and perf luoro unsaturated nrtrile compound. 
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